In a recent study, Ludwig and Gilchrist (2002) showed that stimulus-driven oculomotor capture by abrupt onset distractors was modulated by distractor-target similarity: Participants were more likely to fixate an irrelevant onset when it shared the target color. Here we test whether this pattern of performance is the result of (1) inhibition of all items in the distractor color, (2) a response bias to local color discontinuities, or (3) the integration of stimulus-driven abrupt onset signals with goal-driven information about the target features. The results of two experiments clearly support the third explanation. We conclude that oculomotor capture is modulated by, but not contingent upon, top-down control, and our findings argue for an integrative view of the saccadic system.
Confronted with dynamic visual environments in which items appear, disappear, move, and change, it is essential to effectively select the behaviorally relevant portions of the visual field for more detailed processing. What is selected is determined by properties of the visual scene, on the one hand, and by the goals and intentions of the observer, on the other. The control of visual attention by both stimulus-driven and goal-driven factors has been studied extensively over the last two decades (for a review, see Egeth & Yantis, 1997) .
The potential to capture attention in a stimulus-driven way is particularly well established for new items that appear in the visual scene with an abrupt onset. This has typically been shown in visual search studies in which the time taken to find the target among a set of distractors indicates the efficiency of selection. In searches of arrays of no-onset elements for a specific letter (Enns, Austen, Di Lollo, Rauschenberger, & Yantis, 2001; Yantis & Jonides, 1984 , 1990 or for an item of a specific color (Theeuwes, 1994) , the appearance of an abrupt onset distractor is associated with a cost in target detection time. These findings have recently been extended into the oculomotor domain (Irwin, Colcombe, Kramer, & Hahn, 2000; Theeuwes, Kramer, Hahn, & Irwin, 1998; Theeuwes, Kramer, Hahn, Irwin, & Zelinsky, 1999) : Observers frequently made an erroneous saccade to the abrupt onset distractor before fixating the target.
However, in a series of attentional cuing studies, Folk, Remington, and colleagues (Folk, Remington, & Johnston, 1992; Folk, Remington, & Wright, 1994) have shown the importance of goal-driven attentional control settings in mediating capture. In their paradigm, the target display is preceded by either a valid or an invalid spatial cue. A cost in the latency of manual responses to a target that is presented in a different location than the cue (i.e., a validity effect) is taken as evidence for attentional capture. Such a validity effect was obtained only when the cue and the target shared a relevant feature. For instance, responses to a color target were slowed down when preceded by an invalid color cue, but not by an invalid abrupt onset cue. The contingent capture hypothesis states that capture is never purely stimulus driven, and ultimately depends on the visual features the attentional system has been set up to respond to.
Evidence for stimulus-driven capture has come mainly from visual search studies, whereas the contingent capture hypothesis has received support mainly from attentional cuing studies. In a recent article, Ludwig and Gilchrist (2002) assessed the contribution of goal-driven control settings to stimulus-driven capture by abrupt onsets in a typical visual search paradigm. Because this paradigm served as the basis for the two experiments reported here, it will be described in greater detail below.
The task was to signal the location of a red no-onset target among three green no-onset distractors. These items were distributed over four locations, arranged in an imaginary rectangle centered on fixation. The possible target locations were indicated by gray placeholders, of similar size and luminance as the subsequent search elements. Having the search display preceded by such a placeholder display is an effective way of creating noonset search elements: The search array is created by simply changing the chromaticity of the placeholders. On a proportion of trials, an additional distractor appeared simultaneously with the search display in one of two locations, left or right of the center on the horizontal midline. This additional item could either have an abrupt onset or not, and could be similar (identical) or dissimilar (but identical to the other distractors) to the target. In separate blocks the target location was indicated either manually or with a saccade, but for the present purposes only the eye movement data will be considered. Schematic examples of the different display types are given in Figure 1 , with some illustrative data from 1 observer.
We reasoned that if capture were entirely contingent upon attentional control settings, only the additional distractors that were similar to the target should disrupt the target-directed responses. Whether or not this distractor had an abrupt onset should not matter: The luminance increments could not be used to locate the target and the attentional system should not have been set up to respond to this particular feature. Similar distractors did indeed disrupt saccade programming more than the dissimilar ones. However, capture was particularly pronounced when the similar distractor had an abrupt onset. In addition, capture occurred on a small number of trials with dissimilar onset distractors. This pattern of results is clearly problematic for any strong version of the contingent capture hypothesis.
This modulation of oculomotor capture by target similarity also has implications for theories and models of saccade programming. An idea that is highly prevalent in the oculomotor literature is that of distinct neural pathways for different types of saccades (see, e.g., Gaymard, Ploner, Rivaud, Vermersch, & Pierrot-Deseilligny, 1998; Guitton, Butchel, & Douglas, 1985) : stimulus-driven or "reflexive" saccades triggered by a sudden luminance onset in the visual field, and more goal-driven or "voluntary" saccades. The former type of eye movements is thought to be mediated by a fast route from striate cortex and parietal eye fields (PEF) into the superior colliculus (SC), a midbrain structure important for saccade generation (parieto-tectal route). The goal-driven movements are assumed to depend on the frontal eye fields (FEF) and its projections to the SC and the brainstem saccade generator. Theeuwes and his colleagues (Theeuwes, Kramer, Hahn, & Irwin, 1998; Theeuwes et al., 1999) explained oculomotor capture in terms of a race between a stimulusdriven saccade program associated with the abrupt onset distractor and a goal-driven program for the correct targetdirected saccade.
The modulation of capture by color similarity seems inconsistent with this scheme. If capture by irrelevant onsets is mediated by the parieto-tectal pathway, this system must have been set up to respond to transients of a particular color. This is not likely, given that the projections from V1/PEF into the SC are predominantly magnocellular and thus insensitive to chromatic identity (Schiller, 1996) . Because both similar and dissimilar onsets had the same (high) luminance contrast, one would not expect the color of an abrupt onset to make such a large difference. Our results suggest that abrupt onset (M-type) and target similarity (P-type, in this particular case) signals are integrated in a common saccade programming map (Croner & Albright, 1999) .
However, it is crucial to establish that increased oculomotor capture by irrelevant onsets that are similar to the target is in fact a modulation by target similarity and not the result of alternative top-down mechanisms that participants could have used to locate the target. This is the aim of the present paper. First, note that in the three experiments reported by Ludwig and Gilchrist (2002) , the target and distractor colors were kept constant throughout. This may have enabled observers to inhibit all elements in the distractor color, attenuating capture by the dissimilar onsets. The contribution of this strategy is explored in Experiment 1, in which search for a known target is compared with search for a color singleton tar- get. In the latter condition, target and distractor colors varied unpredictably, and the strategy of inhibiting all items in the distractor color was therefore unavailable.
Second, the target was always of a different color than most of its surrounding elements, and on the majority of trials it was in fact the only item of a different color. Therefore, observers may have responded not to the target color itself, but instead to local color discontinuities to locate the target, enhancing capture by similar onsets. Experiment 2 investigated the possible contribution of this strategy by presenting additional distractors that are dissimilar from the target but that are also different from the distractors and therefore do create a color discontinuity (see Bacon & Egeth, 1994) .
EXPERIMENT 1
Participants were required to saccade to a color target and told to ignore additional distractors that appeared either with or without an abrupt onset. In two separate "constant target blocks," the target was either red or green; these blocks form a direct replication of the conditions of Experiment 2 in Ludwig and Gilchrist (2002) . In an additional block, the target could be either red or green, and varied unpredictably from trial to trial (i.e., the target was a color singleton). If dissimilar onsets were not as disruptive as similar ones because participants inhibited all items in the distractor color, interference from dissimilar onsets should increase in the color singleton block.
Method
Participants. Twelve observers (6 men and 6 women; age range 18-28 years) took part for course credit or payment. All had selfreported normal or corrected-to-normal vision and were able to discriminate the colors used in this experiment.
Equipment and Stimuli. The typical display sequences, in the different trials of a constant target block, are illustrated in Figure 1 . Placeholder displays consisted of a central gray circular disk (with a radius of 0.3º) that served as the fixation point and four gray vertical bars subtending 0.6º 3 1.9º indicating the possible target locations. A fifth placeholder was added in one of the two distractor locations, either left or right on the horizontal midline. This additional placeholder provided no information about whether or where a given type of distractor would be presented. Thus, on no-distractor baseline trials it would simply disappear, on trials with an additional onset distractor it would disappear and the distractor would appear on the other side of fixation, and on trials with an additional noonset distractor the placeholder would change color (just like the other four). 1 Placeholders and fixation point were of the same chromaticity (CIE x,y chromaticity coordinates of .28/.30) and luminance (7.6 cd /m 2 ), and were presented on a black background (0.0 cd/m 2 ). The four placeholders that indicated the possible target locations formed an imaginary rectangle centered on fixation. With the two distractor locations, there were six positions in which elements could be presented; these locations were arranged on the circumference of an imaginary circle around fixation with a radius of 7.3º. The search displays consisted of red (CIE coordinates of .63/.33) and green (CIE coordinates of .29/.59) vertical bars of the same size and similar luminance as the placeholders.
Displays were presented on a 17-in. SVGA monitor with 800 3 600 pixel resolution and 74-Hz refresh rate. The monitor was located at 57 cm from a chinrest. A second PC was used to record eye position data on-line. Eye movements were monitored at 250 Hz with the SMI EyeLink System (SensoMotoric Instruments GmbH, Teltow, Germany). Saccade onset was defined as a change in eye position with a minimum velocity of 35º/sec or a minimum acceleration of 9,500º/sec 2 .
Procedure. Each block of trials started with a nine-point grid calibration and validation procedure. Participants were asked to fixate a gray circular disk (identical to the fixation point) that appeared sequentially (but unpredictably) in a 3 3 3 grid. After a satisfactory validation had been obtained, a block of trials was run. Observers performed three blocks in which they had to saccade to the target as quickly as possible. There were two constant target blocks: In one block, participants searched for a red target among green distractors and in another block the target and distractor colors were reversed. In a third block, the target was a color singleton and varied unpredictably.
Each block had 106 trials, the first 10 of which were practice. In the constant target blocks, the remaining 96 trials were distributed as follows: One-third of the trials had no additional distractor (i.e., baseline trials), one-third were onset trials (half of which were similar to the target), and one-third were no-onset trials (again, half of which were similar). The trials with a similar distractor were dropped in the color singleton block because otherwise the target would no longer have been a color singleton. The three remaining trial types were distributed equally over the 96 trials. On half of the trials, the target was red and distractors were green; target and distractor colors were reversed in the other half of the trials. Additional distractors were presented equally often on the left and right of fixation. In all three blocks the different trial types were intermixed randomly. The order in which the blocks were run was counterbalanced across participants. Data analysis. Trials on which eye position deviated more than 2º from the central fixation point were rejected. The same applied to trials with anticipatory eye movements (latency less than 125 msec) and saccades with an amplitude smaller than 2º or larger than 12º.
The remaining saccades were classified as having landed either on the target, on the additional distractor, on any of the other distractors, or in an empty display segment. Data from the two constant target blocks were analyzed together; the results from the color singleton block were dealt with separately. The main variable of interest was the accuracy of the first saccade-that is, the percentage of first saccades that landed directly on the target. Because in some conditions this percentage fell near the upper endpoint of the scale, the numbers were transformed into corrected arc sine values to approach a normal distribution (Milligan, 1987 ). These transformed values were then submitted to a repeated measures analysis of variance (ANOVA) with target color (red /green), similarity (similar/ dissimilar), and onset (onset /no-onset) as the three factors. The percentage target-directed saccades in the color singleton block was analyzed using the Wilcoxon signed rank test. This test was also used for the planned comparisons between conditions (across different blocks). The latencies of saccades to the target and to the additional distractor are also reported. Because the additional distractor did not capture the eyes very often in some conditions, the incorrect latencies were not analyzed in greater detail.
Results and Discussion
Of all trials, 2.11% were rejected due to improper fixation, 6.37% as a result of too small or too large a saccade, and 1.19% because of anticipatory responses. In the two constant target blocks, the vast majority of the eye movements landed on either the target or on the additional distractor. Pooled over the different display types, only 1.65% of all first saccades landed on another distractor or in an empty region of the display. Because this number is so small, these saccades were omitted from further analyses. The reported percentages of erroneous first saccades were based on just the target-directed saccades and those to the additional distractor. This procedure was also followed in Ludwig and Gilchrist (2002) . Table 1 lists the mean percentage of first saccades to the additional distractor in all three blocks. The ANOVA on the accuracy data showed no main effect of target color, and this factor did not interact with any of the other factors. This result is important because it suggests that the strong oculomotor capture observed for red onsets in previous experiments (Ludwig & Gilchrist, 2002) was not due to possible subtle differences in luminance between the red and green distractors. In fact, regardless of the target color, the pattern of performance in the two constant target blocks replicated that observed in our previous experiments. That is, there were main effects of both onset and similarity [F(1,11) = 10.78, p < .05, and F(1, 11) = 57.02, p < .01, respectively]. The interaction between both factors also reached significance [F(1,11) = 8.04, p < .05], indicating that the effect of onset is larger for the similar distractors than for the dissimilar ones. However, given the small number of saccades to the dissimilar distractors, the functional importance of this interaction is unclear.
In the color singleton block, a small percentage (2.07%) of first saccades landed in an empty segment. Search was more difficult than when the target and distractor colors were kept constant, as evidenced by a larger percentage of first saccades directed to distractors other than the additional one (9.94%, 5.88%, and 5.93% in baseline, onset, and no-onset trials, respectively). Because these numbers did not differ between the onset and no-onset trial types [T(10) = 5.33, p > .05], those trials were excluded from the analysis below. Direct comparison of the accuracy in onset and no-onset trials showed that dissimilar onset distractors elicited more erroneous eye movements than the dissimilar no-onset distractors [T(10) = 0.00, p < .05]. Planned comparisons showed that the same was true in the constant target blocks [T(6) = 1.00, p < .05], but that the dissimilar onsets in the color singleton block were more disruptive than dissimilar onsets in the constant target blocks [T(11) = 2.50, p < .01]. Not being able to inhibit items in the distractor color increased the interference from dissimilar onset distractors, yet still not to the extent of similar onset distractors [T(12) = 0.00, p < .01].
The mean latencies of first saccades to the target and to the additional distractor can be found in Table 2 . The mean latencies of the correct saccades in the constant target blocks were submitted to the same ANOVA as the accuracy data. Latencies were longer in the presence of a similar distractor, irrespective of whether this had an abrupt onset or not [F(1,11) = 22.52, p < .01]. No other main effect or interaction was significant. Latencies were generally longer in the color singleton block, again indicating that search was more difficult when the target and distractor colors switched unpredictably. An ANOVA with trial type as a single factor (baseline, onset, and noonset) showed that the latencies did not differ between the three trial types. Note that in all three blocks, the distractordirected saccades had shorter latencies than the correct target-directed eye movements, particularly those elicited by abrupt onsets.
For both accuracy and latency, the two constant target blocks replicated the results from our previous study. That is, goal-driven saccade programming was disrupted by abrupt onset distractors. When observers knew the target and distractor colors beforehand, the disruptive effect of similar (onset) distractors was much larger than that of dissimilar (onset) distractors. Dissimilar onsets did capture the eyes more frequently when observers were searching for a color singleton, but the interference was still much smaller than that from similar onset distractors in the constant target blocks. Therefore, it seems unlikely that the effect of target similarity observed in previous experiments and in the constant target blocks of this experiment was completely due to inhibition of all elements in the distractor color. The evidence from this experiment shows that the contribution of this topdown strategy was small.
EXPERIMENT 2
As noted, another explanation for the modulation by target similarity is that observers responded to local color discontinuities. The computation of visual salience based on local feature contrasts is incorporated in several models of visual search (Itti & Koch, 2000; Li, 2002; Wolfe, 1994) . In this experiment, the contribution of these local color discontinuities was explored by presenting blue distractors that were dissimilar from the red target and the remaining green distractors. These distractors created a color discontinuity that could not be used to select the target.
Method
Participants. Twelve new observers (4 men and 8 women; age range, 19-27 years) were recruited. All had normal or corrected-tonormal vision and were able to discriminate the colors used in the experiment.
Equipment and Stimuli. Search displays always consisted of five elements in this experiment: The baseline trials were dropped in favor of trials with an additional dissimilar blue distractor (CIE coordinates of .18/.20). These blue onset and no-onset distractors were of similar luminance as the placeholders and the other (red and green) search items.
Procedure. Observers were instructed to saccade to the red target that appeared among three green distractors. An additional distractor was present on every trial (equally often left and right). On half of the trials, this distractor had an abrupt onset. It could be (1) similar to the target, (2) dissimilar from the target but similar to the other distractors (green), or (3) different from the target and the distractors (blue). These three types of distractors were equally distributed over onset and no-onset trials. All different trial types were intermixed randomly. Participants performed two blocks of 154 trials, the first 10 of which were practice.
Results and Discussion
Data were handled in the same way as the constant target blocks were handled in the previous experiment. Thus, trials were rejected as a result of improper fixation (3.91%), anticipatory saccades (1.39%), or too small or too large an amplitude (6.31%). In addition, for 1 participant the last 10 trials of one block were lost due to computer malfunction. Only a small number of saccades landed in an empty region or on a distractor other than the additional one (1.05%). As before, these were excluded from further analyses. Table 3 gives the percentage of first saccades to the additional distractor for all six trial types. An ANOVA with onset and similarity (three levels: similar, dissimilar green, and dissimilar blue) revealed main effects of both factors [F(1,11) = 63.02, p < .01, and F(2,22) = 235.24, p < .001, respectively]. Again, the interaction between the two factors was significant [F(2,22) = 7.87, p < .05], indicating that the difference between onset and no-onset distractors varied over the three levels of similarity. Similar distractors (pooled over onset/no-onset) were more disruptive than dissimilar green and blue ones [T(12) = 0.00, p < .01, for both comparisons]. Dissimilar blue distractors interfered slightly more with saccade programming than did dissimilar green ones [T(12) = 9.00, p < .1]. The results of these comparisons are identical when only onset distractors are taken into account.
The finding that the blue distractors were more disruptive than their green counterparts may be taken as evidence for the contribution of a set for color discontinuities. In addition, one might explain this finding in terms of top-down inhibition of the green items. However, the blue distractors did not capture the eyes nearly as often as the similar distractors, suggesting that the contribution of these strategies was very small. Thus, it appears that saccades were directed to the similar distractor because it shared its color with the target. The mean latencies of target and distractor-directed saccades are also listed in Table 3 . As in the constant target blocks of Ex- Theeuwes et al. (1999) reported that the majority of fixation durations on the abrupt onset distractor were shorter than 150 msec. Because this interval would be too short to program a target-directed saccade "from scratch," the authors argued that the stimulus-driven saccade to the onset and the goal-driven saccade to the target were programmed in parallel. To examine the extent to which parallel programming occurred in the present study, vincentized (Ratcliff, 1979) cumulative frequency distributions of the f ixation durations on the similar onset and similar no-onset distractors were calculated. Only those observers who fixated each of these distractors at least 10 times before redirecting gaze to the target contributed to this analysis. This was the case for all 12 participants on similar onset trials, giving a total of 254 trials; 7 observers fixated the similar no-onset distractor at least 10 times, resulting in a total of 106 trials.
The dashed lines in Figure 2 represent the two distributions. The median fixation durations on similar onset and similar no-onset distractors were 164 and 140 msec, respectively. Clearly, the fixation durations we observed were generally longer than in the Theeuwes et al. (1998; Theeuwes et al., 1999) studies, but still suggest that the distractor-directed and target-directed saccades were programmed in parallel on a proportion of trials. This appeared to be the case regardless of whether it is the onset or no-onset distractor that is fixated. Figure 2 also illustrates the vincentized cumulative frequency distributions of the latencies of saccades to the similar onset and similar no-onset distractors (these distributions will be discussed in greater detail below).
The rank ordering of the four distributions suggests an interesting interdependence: Saccades to similar onsets are generally initiated faster than those to the no-onset distractors (difference of 29 msec in the median latencies), but the subsequent target-directed saccade is then delayed by almost the same amount (difference of 24 msec in the median fixation durations, in the opposite direction). It seems that the longer the erroneous saccade is delayed, the more time there is for the programming of the target-directed saccade, which, as a result, can then be initiated more quickly after fixating the distractor.
To see whether this relationship held on a trial-by-trial basis for individual observers, the correlation between the incorrect latency and subsequent fixation duration was calculated for each observer pooled over error type. 2 The rank order of the distributions in Figure 2 would suggest a negative correlation between incorrect SRT and subsequent fixation duration. Indeed 11 out of 12 participants showed a negative correlation (ranging between 20.03 and 20.64), and the mean value of 20.21 was significantly different from 0 [t(11) = 22.69, p < .05]. The results from this correlational analysis provide additional evidence for the parallel programming of the distractor-directed and target-directed saccades: When the erroneous movement is delayed, the subsequent, correct saccade to the target can be initiated more quickly. Because this relation held regardless of error type, our analysis suggests the possibility of parallel programming of goal-driven, or endogenous, saccades.
GENERAL DISCUSSIO N
Both experiments replicated the basic pattern of performance observed in our previous study (Ludwig & Gilchrist, 2002) . That is, goal-driven saccade programming to a no-onset color target was disrupted by irrelevant onsets, particularly when these shared the target color. In this previous study, the target was red in every experiment, and red (similar) distractors interfered more with saccade programming than green (dissimilar) distractors. The two constant target blocks of Experiment 1 showed that this particular pattern was not due to something inherent in the red distractors that made them particularly disruptive (e.g., subtle luminance differences): Green onsets interfered more than red ones when observers were looking for a green target. Thus, it seems to be the target similarity that modulates oculomotor capture.
Here we proposed a number of top-down strategies that could have caused this modulation. One such strategy was the inhibition of all items in the distractor color, which would attenuate capture by dissimilar onsets. A condition in which the target was a color singleton indicated that the contribution of such a mechanism was small. Although dissimilar onsets were slightly more disruptive in this condition than when the target and distractor colors were known beforehand, the interference was still much less than that of similar onsets in the constant target blocks. Experiment 2 examined whether the similar distractors were more disruptive than dissimilar ones because they created a local color discontinuity, enhancing capture by similar onsets. Blue distractors that were dissimilar from the target, yet did create a color discontinuity, interfered more with saccade programming than did dissimilar green distractors, but the difference was very small. Taken together, these results demonstrate that stimulus-driven oculomotor capture by irrelevant onsets was genuinely modulated by target similarity. This adds strength to the conclusions of Ludwig and Gilchrist (2002) concerning the contingent capture hypothesis and models of saccade target selection. These points will be discussed in more detail below.
Contingent Capture
In line with the attentional cuing studies of Folk et al. (1992) and Folk et al. (1994) , our experiments have shown top-down control settings to be a very powerful mediator of capture. That is, capture was more likely to occur when the additional distractor shared the feature (i.e., color) that defined the target. However, according to the contingent capture hypothesis, whether or not the distractor is presented with an abrupt onset should not matter, given that the target (display) was not defined by luminance transients. Clearly, this claim is not tenable in light of the present results.
However, in the present experiments, the search display itself was defined by the color change of the placeholders, and even though the physical luminance of the placeholder and search items was matched very closely, there may have been small perceptual luminance changes associated with the presentation of the search display. Therefore, it remains possible that observers adopted a set for transients in general, or for color and luminance transients specifically (Gibson & Kelsey, 1998) . Our results are, in principle, consistent with such a weaker version of the contingent capture hypothesis.
In both experiments reported here, and in those of Ludwig and Gilchrist (2002) , only similar distractors interfered with the saccadic latencies, regardless of whether or not they had an abrupt onset. One possible reason the onset component of the additional distractor did not interfere with the saccadic latencies is that in a search task such as the one used here, SRTs are too long to be influenced by an irrelevant luminance transient (Reingold & Stampe, 2002) . That is, it may be that there is a restricted time window within which onsets can delay movement initiation. The similarity effect is presumably dependent upon color processing in the ventral extrastriate areas, which is likely to be slower than the processing of a luminance onset (Barbur, Wolf, & Lennie, 1998; Schmolesky et al., 1998) . Therefore, the color-based similarity effect may take longer to develop (Ludwig & Gilchrist, 2003) , and exert a more sustained influence on the response latencies.
Saccade Programming: Integration Versus Mixture Hypothesis
The goal-driven modulation of capture by target similarity does not seem to accord with a strict dichotomy of stimulus-driven saccades mediated by a parieto-tectal route and goal-driven saccades dependent on the FEF (with its afferent projections from virtually all extrastriate areas). Because the predominantly magnocellular projections from V1/PEF into SC are not likely to convey color identity, it is hard to see why onsets in the target color are so much more disruptive than onsets of a similar luminance in any other color. Instead, our findings indicate that bottom-up signals (abrupt onsets) are combined with top-down target similarity information to jointly determine an item's salience. The idea that stimulus-driven and goal-driven signals converge onto a common oculomotor salience map is central to a recent computational model of saccade programming (Trappenberg, Dorris, Munoz, & Klein, 2001 ) and will be referred to here as the "integration hypothesis" (see also Godijn & Theeuwes, 2002) .
Alternatively, as suggested by Ludwig and Gilchrist (2002) , it may be that the entire population of erroneous saccades elicited by onsets in the target color consists of a group of genuinely stimulus-driven saccades triggered by the abrupt onset and a group of goal-driven saccades guided by the target color. To address this "mixture hypothesis," we examined the latency distributions of the erroneous saccades to similar onset and no-onset distractors. If the population of saccades to the similar onset distractor actually consisted of two subpopulations, one would predict a bimodal latency distribution: An early peak would represent a group of short-latency saccades triggered by the onset, and a later peak (overlapping with the distribution of saccades to similar no-onset distractors) would contain the saccades driven by the target color.
These distributions are shown in Figure 2 (solid lines) . Saccades to the similar onset distractors generally had shorter latencies than those to the similar no-onset distractors (medians of 194 and 223 msec, respectively). Figure 2 illustrates that this difference reflects a shift of the entire distribution and that it is not caused by a separate population of short-latency saccades to the similar onset. Although one has to be cautious in detecting the presence or absence of bimodality visually, particularly when dealing with vincentized distributions, this analysis of the error latencies can be taken as tentative evidence for the integration hypothesis. That is, saccades were directed to similar onset distractors because the combination of the luminance onset component and the color similarity component rendered these distractors more salient than similar no-onset or dissimilar onset distractors. It follows that the stimulus-driven onset signal is augmented by a goal-driven color similarity signal at a common site. It seems that saccades to abrupt onsets are not a fundamentally different type of eye movements than saccades to no-onset distractors or targets.
This notion runs counter to the widely held view that separate neural pathways are responsible for the programming of stimulus-driven and goal-driven saccades. There is now considerable neurophysiological support for the idea that both types of saccades share the same neural machinery. For instance, saccade-related FEF neurons increase their discharge before "reflexive" prosaccade errors in an antisaccade task (Everling & Munoz, 2000) . Moreover, the SC is involved in programming the correct, "voluntary" antisaccades (Everling, Dorris, Klein, & Munoz, 1999) . The contribution of the FEF is dependent on the intactness of the SC (Hanes & Wurtz, 2001) , and microstimulation of FEF saccade neurons activates cells in the SC coding the same movement vector (Schlag-Rey, Schlag, & Dassonville, 1992) . In addition, it is interesting to note that after monkeys were trained to search for a target of a constant color among distractors of another constant color, FEF visuomovement neurons seemed to develop color selectivity (Bichot, Schall, & Thompson, 1996) . That is, normally FEF neurons are not visually selective, and their activity evolves over time to indicate the location of a target among distractors. However, after training with a constant color target, FEF neurons signaled the target location very soon after presentation of the search array. In fact, this effect can already be seen when an oddball stimulus happens to be repeated on a number of trials (Bichot & Schall, 2002) . Such selectivity for items in the target color would allow for the interaction between fast onset signals and target similarity information in our experiments.
In summary, oculomotor capture can still be thought of as a race between a saccade program for the target and one for the distractor. However, this is not necessarily a competition between distinct types of saccades mediated by separate neural pathways. Our experiments indicate that the race is run within an integrated network of structures that are involved in eye movement programming.
